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ABSTRACT 

This  first  quarterly  report  contains  a description 
of  the  work  under  Contract  i'Obsr-55758  for  high  KVA  trans- 
mitting types  of  glass  capacitors,  case  sizes  75  through  95. 
a critical  examination  is  made  of  the  existing  requirements 
for  mica  capacitors  of  these  sizes,  and  their  interrelation. 
The  background  of  previous  and  current  work  and  the  results 
obtained  pertinent  to  this  contract  is  described,  including 
Corning  patents  and  patent  applications  on  the  capacitors 
and  the  components.  information  applicable  to  this  work 
which  has  been  obtained  under  our  present  Contract 
D*36-'J39-sc-15509  medium  power  capacitors  is  reviewed, 
and  possible  further  work  discussed.  Work  finished  so  far 
and  a schedule  for  future  work  is  presented  in  chart  form, 
and  the  program  for  the  next  reporting  interval  is  briefly 
out  line  d. 
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ChPaCITORS,  HIGH  KVa  TRaI- SHITTING  TYPES,  GLaSS  DIELECTRIC 

PURPOSE 

The  purpose  of  this  contract  is  the  development  of 
design  and  of  manufacturing  procedures  for  transmitting  types 
of  capacitors  with  glass  as  a dielectric.  A sufficient  number 
(25)  of  capacitors  for  test  of  each  of  7 specific  ratings  will 
be  made  on  the  straight-run  production  facilities  to  be  set  up 
for  the  capacitors  whose  design  is  to  be  determined,  and  will  be 
supplied  to  the  Bureau  of  Ships  for  evaluation.  These  represent 
the  largest  capacitance  rating  (10,030  or  100,000  mmfd)  in  each 
of  the  five  case  sizes  75  to  95;  plus  the  lowest  (100  mmfd)  and 
an  intermediate  capacitance  (1800  mmfd)  in  the  largest  case 
size.  The  capacitors  are  specifically  intended  as  mica  re- 
placement capacitors,  and  will,  wherever  possible,  meet  or 
exceed  the  retirements  as  outlined  in  the  military  Specification 
JaN-C-5  already  in  existence  for  mica  capacitors.  The  purpose 
and  requirements  are  clearly  defined  in  the  Specification, 
Ships-C-695,  1^+  April  1952,  covering  this  contract.  Portions 
of  tnis  specification  which  are  pertinent  to  an  understanding 
of  the  aims  and  requirements  of  this  work  are  reproduced  here, 
for  ready  reference.  Of  interest  also  is  the  concurrent 
contract  D.\36-Oi9-sc-)3509  for  development  of  medium  power 
capacitors,  i.uch  of  the  information  gained  in  this  research 
is  directly  applicable  to  I’Obsr-57558,  and  will  be  reviewed 
below . 
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SHIPS-C-695 
1 k April  1952 


BUREaU  OF  SHIPS  contract  specification 
CaPhCITORS,  HIGH  KVA  TRANSI'ITTING  TYPES, 


GLaSS  DIELECTRIC 


This  specification  is  for  use  only  with  Bureau 
of  Ships  Contract  NOtsr-5755&.  (Work  Order  No.  800-2627$). 

I.  SCOPE 

1.1  This  specification  is  to  over,  under  the 
conservdtion  of  material  program,  the  design  end  production 
techniques  of  high  KVa  transmitting  types  of  capacitors  using 
a glass  film  in  place  of  mica  as  the  dielectric  material. 

3.  RE  UIRFIla.TS. 

3.1  Reii ability . -Reliable  performance  shall  be 
maintained  under  conditions  of  intermittent  or  continuous 
operation  upon  exposure  to  the  adverse  conditions  normally 
encountered  in  the  Naval  service  as  generally  specified  in 
Specification  16KL.  nil  items  or  parts  entering  into  the 
construction  of  the  capacitor  shall  be  capable  of  operating 

in  the  temperature  and  humidity  ranges  as  specified  in 
Specification  JaN-C-5. 

3.2  Material . -The  selection  and  application  of 
materials  3hall  be  governed  by  the  best  etandards  and  practices, 
and  shall  be  suitable  for  Naval  application  in  electronic 


equipment . 


3.3  leneral , -Th*  capacitors  shall  meet  the 


electrical  and  environmental  requirements  cf  3necif icaticn  JnN-C-5, 
except  as  otherwise  specified  herein. 
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3.4  The  requirements  of  this  specification  shall 
be  considered  minimum  requirements.  The  contractor  shall  examine 
possible  improvements  over  and  above  those  outlined  herein, 
approval  of  the  3ureau  of  Ships  shall  be  obtained  for  any  devi- 
ations from  the  provisions  of  this  specification. 

3.5  Construction , -The  contractor  shall  develop 
design  and  production  techniques  for  the  construction  of  high 
KVrt  transmitting  types  cf  capacitors  utilizing  a glass  film  as 
a dielectric  material.  The  glass  capacitors  shall  be  equal  to, 
or  better  than  the  high  KVa  transmitting  types  (CM70  to  01195) 
as  specified  in  Specification  J.tN-C-5. 

3.6  /eight  and  size .-In  terms  of  size  and  weight, 
the  capacitors  shall  be  equal  to  or  less  than  the  high  KVa 
transmitting  types,  specified  in  Specification  JaN-C-5, 

3 . 7 Ten:  >-ratur  e coefficient  of  capacitance, -The 
temperature  coefficient  of  capacitance  shall  be  no  greater  than 
140  I'P!  1 and  the  temperature  coefficient  shall  be  such  as  to  allow, 
as  nearly  as  possible,  a linear  change  of  capacitance  with 
temperature, 

3,3  The  contractor  shall  provide  production 
facilities  for  straight-run  production  of  glass  dielectric, 
high  KVa  transmitting  types  of  capacitors. 

3,3.1  Hr  contractor  shall  furnish  from  his 
straight-run  production  facilities  twenty-five  capacitors  for 
each  cf  the  following  ratings: 
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*acitance 
( uuf ) 

Peak  working 
voltage 
(volts) 

Current  ratings 
(amperes ) 

3 nc. 

1 me. 

i j • 3 c 

0.1  me. 

10,000 

15,000 

51 

75 

47 

20 

10C, 000 

3,000 

30 

62 

m3 

39 

1CC,00C 

2,000 

2 k 

51 

39 

24 

100,000 

1,500 

20 

39 

36 

20 

100,000 

1,000 

IS 

22 

22 

16 

100 

35,000 

12 

6.2 

2.2 

0.62 

1,  '00 

35,000 

33 

36 

20 

7.5 

* 

5.11  /orknunship. 

-V/orkna 

.nship  shall 

be  f.rst 

class 

in  every  respect. 

L,  o.u.PLL,G,  IDal  ‘JCTION,  .I’D  T 3T  PJIOO^LUHjS 
,.l  Inspection  procedures. -The  general  ins  action 
procedures  sh.-ll  be  in  accordance  with  leneral  >peci-’ications  for 
Inspection  of  . aterial. 

.,.2  General,  - inspection  and  tec  .Ing  of  capacitors 
shall  be  conducted  ir.  accordance  v;ith  Specification  J..N-0-5. 

u.,3  Acceptability  tests. -The  capacitors  shall  be 
subjected  to  complete  and  exhaustive  tests  to  ueternine  conformance 
with  the  recuircmcnts  specified  in  this  specification. 

. 3.1  The  c ntractor  shell  maintain  complete 
records  cf  all  d.  ta  taken  during  accept  ability  tests. 

i,.U  ieifornance  ' cts.-ihe  capacitors  shall  be 
shir  ed,  at  the  contractor's  expense,  to  such  location  cr 
loci  'ions,  c-s  the  bureau  c l ohi's  .ay  spec  ify,  for  performance 
tests  to  oetomina  compliance  with  tec  re  uirenents  of  this 
specif  lr.\tion, 

a v 


GENERAL  FACTUAL  DATA 


Work  on  gl.  ss  capacitors  by  Corning  Glass  Works 
during  the  past  several  years  hc-s  shown  that  the  glass  capaci- 
tor will  probably  be  adaptable  as  a high  quality  capacitor  for 
general  high  voltage  applications.  It  is  expected  that  high 
voltage  capacitors  made  with  glass  -s  a dielectric  will  have 
several  operational  advantages  over  those  using  mica  or  other 
dielectrics  now  commonly  used: 

1.  The  capacitors  will  have  a uniform  and  pre- 
dictable performance.  .11  properties  which  are  deter- 
mined  by  the  behavior  of  the  dielectric  materials  will 
be  the  same  for  every  capacitor. 

2.  Pre-conditioning  operations  on  the  capacitor 
will  not  be  necessary  and  changes  in  its  properties  with 
life,  either  in  storage  or  in  operation,  will  be  a mini- 
mum, 

3.  It  appears  likely  that  the  capacitor  can  be 
made  to  be  of  lighter  weight  and  perhaps  to  occupy' less 
volume. 

U,  The  sub-sections  of  the  capacitors,  made  of 
native  materials,  will  be  adaptable  to  the  techniques 
of  mass  production. 

These  high  power  types  of  capacitors  are  usually 
made  of  sub-sections  --rtiich  are  arranged  in  series-,  arallel 
combinations  for  the  renuirod  capacitance  and  voltage.  For 
glass,  these  sub-sections  can  be  cade  as  sealed  units  which 
will  be  integral  and  self-supporting.  It  is  possible  that 
such  units  can  be  designed  so  that  a relatively  small  nunber 
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of  types  can  be  used  for  assembly  into  a large  range  of  finish- 
ed capacitors.  This  will  markedly  simplify  design  and  manu- 
facturing problems. 

The  mica  Jpecif ic^tion  MIL-C-5  (JaN-C-5)  to  which 
the  glass  capacitors  will  be  made  to  adhere,  wherever  possible, 
lists  a set  of  requirements  in  terms  of  radiofrequency  current 
at  specified  freouencies  for  each  3ize.  In  order  to  analyze 
these  requirements  in  a systematic  manner;  and  to  intercompare 
the  requirements  for  differenct  sizes,  the  specified  current 
has  been  translated  into  radiof recuency  voltage  and  radi®- 
freouency  power.  Tnese  recuirenents  are  presented  as  Figures  1 
to  10  inclusive  for  case  sizes  75  to  95.  If  we  assume  that 
the  power  factor  of  the  capacitor  is  independent  of  the 
capacitance  and  freouency  within  these  ranges,  as  it  should  be, 
then  we  would  expect  that  for  a given  rise  in  temperature  of  the 
case  under  equilibrium  conditions,  the  reactive  power  of  a 
capacitor  should  also  be  independent  of  capacitance  and 
frequency.  This  is,  of  course,  subject  to  a derating  at  very 
low  capacitances  so  that  tec  radiof reouency  voltage  is  kept 
belcw  the  limits  determined  bv  the  geometry  of  the  assembly, 
and  at  high  capacitances  so  that  the  radiofrenuenev  current 
is  kept  within  limits  determined  by  electrodes  and  connections, 
an  examination  of  "igures  1 to  10  shows  that  the  requirements 
as  set  up  for  mica  capacitors  are  dependent  not  only  on 
capacitance,  but  on  irequency,  and  differently  for  different 
case  sizes.  The  curves  show  that  in  general  the  radiofrequency 
power  is  greater  at  the  lower  of  the  specified  U freouencies, 
and  is  usually  greatest  at  0.3  megacycles,  especially  through 
the  miodle  ranges  of  capacitance. 
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FIGURE  3 


. JL_ . 

.a 

• -4 

4 

i 

* • ' -» ~ . , 

— h 

■ 

j 

r j 

1 

w 

. ' 4 

--c 

* " i 

O -1 

>■  1 

o i 

- — ♦ 1 

• i. 

. J 

eo 

i— < 

Cx. 

H . 

I . 

"4 

• 

U3 

“ 7 ' ‘t 

- _ 1 

C/5 

i T 

1 1 : 

«>  • i 

i 

i_ 

~i  • 

K -J 

rP 

- 

„ . ; i j 

r * 

r - • 

► 

■H 

• 

► ' - - 

> 

♦ — • 

| 

« * • 
Li  . 

• • 

i ... . 

L ' : ... 

| -|_|  4 -1 

, j.  * * 

[ 

• 

; 

■ * "Tm 

, 

• 

4 - 

i 

> 

r . 

) | _ 

1 

i 

• i 

: 

I ■ 

♦ 

■ ♦ 
4 

j ~ 

100  1000  10000  100000 

CAPACITANCE  in  MKFD 


i'JOO  ,J  “ " 01  ^ “T0(300  w “ **  L1  * -*  IOOODO 

CAPACITANCE  in  I-CAFD 


10000  100000 


» 


FI 


7 


-%i <>*«£<  in  i-u'it  u 


IB 


In  Figure  11  we  have  compared  the  general  shape  of 
the  RF  voltage  curves  <-t  0.3  megacycles  for  the  5 listed  sizes 
CM75  through  CM95>  and  Figure  12  the  general  shape  of  the 
reactive  power  curves  at  this  frequency.  It  should  be  noted 
that  these  curves  are  highly  idealized,  the  actual  specified 
values  are  much  more  irregular.  Table  I shows  the  capacitance 
at  which  maximum  power  is  dissipated  (assuming  a uniform  power 
factor)  for  e-ch  case  size,  and  this  is  compared  to  the  surface 
area  of  the  case.  This  latter  r-itio  should  be  a measure  of 
the  temperature  rise  of  the  surface  of  the  capacitor,  under 
equilibrium  conditions.  It  can  be  seen  that  part  of  the  results 
of  tais  contract  may  well  become  a more  self-consistent  and 
realistic  S'.t  of  requiren?  nts  for  radiofrequency  operation  for 
these  sizes  of  capacitors. 
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The  following  members  of  she  Laboratory  have  spent 
the  designated  amount  of  time  on  this  contract  during  this  re- 


porting period: 

Sprague,  L.  G. , Research  llectrical  engineer  08  hours 
Carlton,  I rs.  K. , Research  Assistant  91  hours 
Sngler,  Kiss  3.,  Junior  Research  Assistant  2rt  hours 
Uncapher,  firs.  L. , Junior  Research  assistant  16  hours 
Smith,  G.  P.  , Senior  ' e .earch  Associate  40  hours 
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June  17 
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Fatent 
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December  2, 

1947 

Patent 
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2,526,703 
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P.  Smith 

October  24, 

1950 

Fatent 
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2,520,704 

J.  Bair 

October  24, 

1950 

application  No.  205,323 

''•J  • 

P.  Smith  Filed  January 

10,  1951 

Thi 

3 applicatiot. 

CO 

vers  the  use 

of  cover  ;1 

ss , 

properly  shaped  for  capacitor  crver. 
application  No.  227, 9->o  1 . P.  Smith  Riled  Kay  2.*,  1951 
This  application  covers  the  use  of  an 
auxiliary  water-repellent  material  to 
prevent  penetration  of  moisture  into 


the  caracitors 
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DETAIL  FnCTU.iL  DaTa 

1„  Case  and  mounting  of  transmitting  capacitors. 

A very  important  advantage  which  a glass  capacitor 
has  is  that  the  dielectrics  and  electrodes  are  intimately 
sealed  together.  It  is  obvious  that  capacitors  fail  because 
the  localized  dielectric  stress,  usually  near  the  edges  of 
the  electrodes,  becomes  excessive  for  the  dielectric.  Homo- 
geneous d electrics  such  as  glass  follow  the  well-known  square 
root  law  for  the  dependence  of  dielectric  strength  on  thickness. 
It  has  been  found  possible  to  assemble  and  seal  glass  capacitors 
for  high  voltages  which  consist  of  n lavers  of  thin  dielectric 
with  interpolated  uniformly  spaced  eouipot ential  plates,  rather 
than  one  layer  n times  as  thick.  These  equipot ential  plates 
force  the  field  to  remain  much  more  nearly  normal  to  the  plates, 
and  reduce  th-„  gradients  within  the  dielectric  so  that  the 
failure  voltage  is  very  nearly  linear  with  total  thickne's.  The 
behavior  is  much  like  that  of  the  usual  construction  of  n 
caoacitors  in  series.  For  voltages  such  that  several  layers 
of  a given  thickness  are  necess  .ry,  this  greatly  reduces  the 
recuired  total  thickness  of  dielectric,  and  therefore  the 
size  of  the  capacitor  for  a given  rating. 

This  kind  of  construction  was  developed  for  capaci- 
tors of  size  designation  55  by  Corning  hlass  ./orks  during 
19-*.*-19a7,  and  several  thousand  of  them  were  supplied  on  order 
to  the  i.'avy  Department,  Bureau  of  ohips.  Some  work  has  also 
been  done  on  the  development  of  sizes  65  and  70  using  this 
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technique.  Figure  13  shows  the  comparison  of  the  glass 
capacitors  made  in  tnis  manner  with  the  mica  capacitors 
they  will  replace.  They  arc  seen  to  be  physically  inter- 
changeable with  the  bakelit e-housed  capacitor.  Without 
this  requirement  further  economies  in  sire  ana  weight  night 
become  possible,  a few  experimental  capacitors  i.ave  been 
made  in  the  general  form  of  the  cylindrical  caoacitor?  covered 
by  the  present  contract,  by  using  glass  capacitor  components 
containing  a larger  number  of  oruipotential  electrodes  between 
the  active  conductors.  Figure  1-.  shows  a sketch  of  such  an 
assembly,  compared  to  the  conventional  capacitor  housed  in  a 
ceramic  cylinder,  again  physical  interchangeability  has 
been  maintained,  but  it  is  seen  that  the  weight  lias  been 
markedly  reduced,  and  because  of  tae  much  more  efficient 
cooling  of  the  capacitor  proper,  the  power  might  well  be 
increased.  Fi  ;ure  15  displays  a comparison  between  the  rate 
and  amount  of  temperature  rise  of  a standard  mica  CM80 
capacitor  ur.d  a glass  capacitor  made  as  sketched  in  Figure 
14.  Tnc  over-all  height  of  the  glass  capacitor  was  2-3/F- ; 
of  .the 'mica  capacitor,  3 :.  fomteraturc  was  measured  by  a 
thermocouple  attached  directly  to  the  surface,  an  important 
advantage  of  this  construction  is  scon  to  be  the  rate  at 
which  equilibrium  is  reached.  If  the  length  of  the  glass 
capacitors  had  been  increased  so  that  an  over-all  height  of 
3”  had  been  required,  the  ccuilibriun  temperature  would 
have  been  correspondingly  reduced. 
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2.  Electrical  design  of  caeacitor  components. 

Much  of  the  work  on  electrical  design  so  far 
completed  on  Contract  DA36- J39-sc-15509  cited  above  is 
directly  applicable  to  this  work,  and  reference  is  made 
to  the  first  three  quarterly  Reports  of  the  work  under 
that  contract  for  a complete  discussion  of  the  results 
obtained.  They  will  be  briefly  summarized  in  this  and 
the  following  section. 

Life  tests  at  85°C  with  both  DC  and  60  cycle  AC 
voltages  have  shown  that  Capacitors  with  glass  dielectric 
may  be  safely  operated  at  relatively  high  voltages,  a 
convenient  thickness  of  glass  dielectric  is  .0027'';  capaci- 
tors of  relatively  high  capacitance  have  survived  life  tests 
for  more  than  5000  hours  at  1875  volts  DC,  or  875  volts  aC, 
at  85°-95°C,  with  no  failures.  These  therefore  may  not  be 
the  up^er  limits  of  voltage  rating  for  this  thickness  of 
dielectric.  Thinner  dielectrics  (.0018”  and  .0013”)  have 
given  results  during  the  course  of  life  testing  under  the 
above  contract  which  are  poorer  than  expected  and  are  not 
yet  entirely  explained,  and  dielectric  and  strength  tests 
are  continuing.  Some  work  is  now  bein^  done  on  the  replace- 
ment of  the  aluminum  foil  electrodes  by  metallized  or 
evaporated  coatings,  to  reduce  the  mechanical  stress 
introduced  by  the  g lass-to-r.ietal  seal  between  the  di- 
electric layers  and  the  foils  of  different  thermal  expansion 
coefficients. 

.a  good  operating  criterion  of  a capacitor  or  a 
capacitor  component  is  the  lowest  voltage  at  which  corona 
occurs.  ihis  is  even  more  slowly  dependent  on  the  thickness 
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of  the  dielectric  than  the  breakdown  voltage.  Measurements 
during  the  course  of  the  citeo  co  tract  live  shown  that  the 
onset  of  corona  is  at  about  i+OJ  volts  for  capacitors  nade 
with  .0027"  thick  glass,  both  at  60  cycles  and  radiofreouencies. 
Thus  the  glass  capacitor  can  operate  at  voltages  far  in  excess 
of  its  corona  voltage  without  serious  effect  on  its  life.  A 
search  has  been  made  for  a ouick  and  reliable  electrical  method 
of  determining  the  onset  of  corona.  Observation  of  this  as  noise 
by  a pickup  coil  or  plate  near  the  capacitor  under  test  is  a 
promising  method,  but  has  not  yet  been  made  trouble-free. 

The  corona  discharge  occurs  first  at  small  bubbles 
or  voids  between  the  layers  of  the  high  dielectric  constant 
gla  ,s  dielectric  at  the  edges  of  the  relatively  thick  (.00017''') 
foils.  Other  gases  or  vapors  night  be  purposely  introduced 
into  the  capacitor  to  reduce  the  corona  current  or  inhibit 
the  corona  discharge.  ..tternpts  to  do  this  ■•'itn  SO2  gave 
negative  resuxts.  Experiments  to  introduce  a glass  which 
is  much  softer  than  the  code  8871  dielectric  glass,  so  that 
it  would  flow  around  the  ed^cs  of  the  foils  during  the  sealing 
process  and  fill  this  space  have  so  far  been  fruitless  in  most 
instances,  although  un  occasional  sample  has  shown  a much  higher 
voltage  than  the  others.  This  work  is  also  being  continued. 

3.  Construction  of  terminals  of  capacitors. 

Besides  the  usual  requirements  placed  on  the 
materials  for  capacitor  terminals  bv  the  electrical  and 
environmental  conditions  und°r  which  the  capacitor  will  operate, 
there  is  an  ar ^itional  severe  one  imposed  by  the  fact  that  they 
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must  be  attached  to  the  glass.  The  type  of  terminals  shown 
in  Figure  13  are  soldered  to  thin  striDs  of  silver  sealed 
to  the  glass  surface.  satisfactory  redesign  of  this  has 
been  evolved  with  the  terminal  embedded  in  the  nass  of  the 
glass  and  held  there  mechanically  but  prevented  from  seal- 
ing to  tnc  glass  by  a overwrapping  of  thin  netal.  These 
metals  are  aluminum;  the  exposed  part  of  the  terminal  has 
been  cased  with  a solderable  metal,  or  supersonically 
tinned.  This  terminal  which  is  relatively  simple  but 
mechanically  rugged,  should  be  adaptable  to  capacitors  as 
described  in  Figure  14  above. 
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♦Necessary  for  performance  tests,  but  to  be  supplied  by  Corning  Glass 
Works. 


FIGURE  16 
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PRGGR.iH  FOR  N3XT  IUTTRV.iL 

The  program  of  work  to  be  completed  for  the 
next  reporting  interval  is  diagrammatically  laid  out  in 
the  foregoing  schedule,  Figure  16.  Host  of  it  will  be 
a continuation  of  work  already  started,  and  will  be 
directly  aimed  at  determining  the  optimum  electrical  and 
mechanical  design  of  the  integral  sealed  capacitor  stacks, 
for  high  voltage  capacitors.  The  usual  tests  to  evaluate 
the  performance  of  tnese  stacks  will  be  continued  and 
amplified.  Parallel  to  this,  and  with  it  constantly  in 
mind,  will  be  the  design  of  the  comDleted  capacitor, 

! terminals,  and  housing  if  necessary,  n radiofreouency 

oscillator,  which  is  now  being  built  by  doming  for 
measurements  on  the  comole  ted  capacitors,  will  he  finished 
and  tested.  Life  test  equipment,  al  o to  be  supplied  by 
Corning,  will  be  designed,  constructed,  and  placed  in 

I 

operation,  much  of  this  work  will  be  closely  related 
to,  but  will  be  in  addition  to,  work  on  the  medium  power 
capacitors,  sizes  55  through  70. 
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R..DIOFKH  .U2IICY  OSCILLATOR 

The  most  critical  measure  of  the  performance 
of  these  capacitors  is  their  temperature  rise,  i.  e., 
power  factor,  at  rated  raaiof reouency  current.  For  such 
measurements  a radiofrequency  oscillator  has  been  de- 
signed ana  is  being  built  by  Corning  Glass  /orks.  It  is 
believed  to  be  of  general  interest,  and  for  reference 
the  circuit  diagrams  follow. 

i 

The  RF  amplifier,  which  is  a pair  of  triodes 

t 

operating  in  push-pull  Class  C,  is  eucited  by  a crystal- 

( 

controlled  driver-amplifier  stage  for  frequency  stability, 
n maximum  plate  voltage  of  4.5  i'V  will  be  available  from 
the  variac-cont rolled  full  wave  power  supply,  which  will 
be  sufficient  for  raaiof reouency  measurements  at  maximum 
reactive  power  (122!CVh)  for  the  largest  Case  size. 
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